ABSTRACT Twelve patients with chronic airflow limitation and 12 patients with a histological diagnosis of fibrosing alveolitis were studied. The calculated mean (SD) tissue volume of a single lung at total lung capacity was 467 (91) ml in the patients with alveolitis, which was 43% (14%) more than predicted for healthy people of the same age, sex, and height. The tissue volume of a single lung at total lung capacity was 436 (82) ml in the patients with chronic airflow limitation, which was 26% (21%) more than predicted. At residual volumes the tissue contents of the fibrotic and the obstructed lungs changed very little (to 407 (84) ml and 433 (84) ml respectively). This allowed tissue volume to be used as a marker of position within the lung, to match inspiratory and expiratory slices and to calculate regional ventilation. In both groups local ventilation was diminished and more variable than in healthy lungs-that is, in the mid 70% of lung volume the local residual volume to total gas volume ratios (RV/TGV) were 32% (10%) in the fibrotic group and 66% (14%) in the group with chronic airflow limitation, compared with 23% (5%) in healthy subjects. As expected, the fibrotic lungs were much denser (0-246 (0036) g/ml) and the lungs with chronic airflow obstruction were less dense (0-114 (0-026) g/ml) than were healthy lungs (0-126 (0-017) g/ml).
The 12 patients with chronic airflow limitation were all referred for assessment of emphysema or for evaluation of bullous lung disease that was shown to be generalised emphysema.2 All 12 had presented with complaints of breathlessness and poor exercise tolerance; three had a, antitrypsin deficiency. All admitted to cough and sputum production on direct questioning, and had chronic bronchitis, as defined by the Medical Research Council criteria.3 Anthropometric, functional, and clinical data on these patients are given in tables I and 2. On the basis of this evidence and the radiological details of their computed tomography scans we concluded that these patients had chronic bronchitis and emphysema. This point is examined further below.
Each patient was asked to breathe in to total lung capacity, signal and hold that position for five sec- onds while an inspiratory scan was taken. They were also asked to breathe out to residual volume, signal and hQld that position while an expiratory scan was taken. Their lungs were studied in this fashion from apex to base at constant intervals of between 10-15 mm.
The scans were examined on a display console, with Computed tomography based estimates of regional gas and tissue volume of the lung in supine subjects 933 with restrictive or obstructive lung disease lie down.9 10 We presume that before the patients acquired their disease they would have had total lung capacities (gas) that would on average correspond to those predicted from their age, sex, and height. Our best estimate of the tissue content that their lungs would have contained in the absence of disease is the predicted total lung capacity multiplied by the factor of 0-1 14 that we derived from Weibel's data (see below). Comparison of the computed tomography based estimates of tissue content with such predictions suggested that the individual lungs of the patients with chronic airflow limitation contained 92 (SD 72) ml (n = 24) of excess tissue. This is equivalent to a mean increase of 26% (21 % Computed tomography based estimates of regional gas and tissue volume of the lung in supine subjects In the lungs of healthy supine men the residual volume to total gas volume ratio of each scan slice of lung averaged 23% (SD 5%).1 In the patients they were higher and more variable, averaging 32% (9%) in the patients with fibrosis and 66% (13%) in those with chronic airflow limitation in the mid 70% of lung volume (table 3) . In healthy subjects the distribution of tissue volume is very uniform at about 12% (2%) of total lung volume in the mid 70% of total lung volume.' In the patients with fibrosis the tissue volume was higher, averaging 25% (3%) of total volume, and in patients with chronic airflow limitation the corresponding average was 11% (1%) (table 4).
Discussion
Several features of these results suggest that the computed tomography techniques for determining regional gas and tissue volumes can be applied to diseased lungs. These are the agreement between computed tomography based and whole body plethysmographic estimates of total lung capacity; the agreement between computed tomography based and spirometric estimates of vital capacity; the agreement between inspiratory and expiratory tissue contents; and the agreement between actual and interpolated values of area and slice density.
The finding of apparent increases in lung tissue content in both conditions rests on the accuracy of our predictions of normal values. The figure we used comes from a morphometric study by Weibel, 4" and is the only one we know that allows us to distinguish and subtract the weight of the main bronchi and all blood vessels greater than 5 mm in diameter, which are automatically excluded from computed tomography estimates of lung weight by boundary selection.
The figure did also provide a good prediction of com- Millar, Fromson, Strickland, Denison measured lung density during quiet breathing, close to functional residual capacity. They found it to be 0 29 (0 08) g/ml (including the vascular component) and 0 12-0 16 g/ml for extravascular lung density. In a 6 litre lung this would give lung weights of 870 and 470 ml respectively.
The finding of an apparent increase of 43% (SD 14%) in the tissue content of fibrotic lungs accords well with other evidence on the characteristics of fibrosing alveolitis.4 -17 In the reviews cited there was a constant finding of increased material of a cellular, fibrotic, or mixed nature. Our previous study suggested that computed tomography could determine changes in lung tissue content of the order of + 5 ml, which is about 1/28th of the average volume of excess material found in fibrotic lungs. This suggests that some computed tomography measure of tissue content might be of value in assessing the severity, progress, or response to treatment of the disease. Computed tomography based estimates of regional gas and tissue volume of the lung in supine subjects figure 7 , which compares the findings in a normal subject with the findings in one of the patients with fibrosing alveolitis and one of the patients with chronic airflow limitation. In principle, the graphical display can be superimposed on a conventional posteroanterior chest film. It is, however, essential to note that the graph is constructed from data obtained in a supine patient whereas most posteroanterior views are taken with the patient standing or sitting up. We suggest that the data reported here support the use of computed tomography to study regional function in the diseased lung. 
